Abstract
INTRODUCTION
Complete valorisation of natural renewable resources by converting technological wastes and by-products from industrial processing into value added products is the most important goal for the sustainable development of the circular bioeconomy. Oilseeds of many wild and cultivated plant species were used as raw materials for production of edible or industrial oils, and useful phytochemicals for various applications (food, cosmetic and medicines). To be accepted on the market, edible oils may contain erucic acid, an omega-9 fatty acid (cis-13-docosenoic acid), no more than 2% from total fatty acid content, because if consumed in excess affects the heart muscle by massive lipid deposition to death (Knutsen et al., 2016) . Oilseeds of Brassica spp. plants (rape, mustard, camelina) are rich in oils with high concentrations of erucic acid (45-47%), these renewable bioresources being appropriate as raw materials for industrial oleochemistry (McVetty et al., 2016) . Traditional cooking oil for Asians, mustard oil is banned for edible consumption in EU, USA, and Canada, due to the toxicity of erucic acid (Knutsen et al., 2016) . Since 1990s, Food and Drug Administration (USFDA) required all mustard oil to be labeled with the warning "For external use only", and sold in USA mainly as massage oil with recognized antifungal and antibacterial properties. Crude inedible oils and fatty acids were used as inputs for green technologies based on chemical reactions to obtain fatty acid salts, esters, ethers and other derivatives useful as eco-friendly alternatives to synthetic additives, solvents, fuels (Ciubota-Rosie et al., 2013) or agrochemicals (Velea et al., 2009; Popescu et al., 2016; Lupu et al., 2017) . Conventional technologies of oil extraction with organic solvents have several concerns relating to the recovery of costs for removal or destruction of wastes and low quality of extracted oils due to the presence of toxic solvent traces in the final product. Water was proved the most ecofriendly wetting agent, solvent and extraction medium, while the organic solvent extraction was demonstrated as the most harmful technology for humans and environment. The most preferred solvent for green chemistry and safe technologies is obviously water. However, oilseeds contain different quantities of oils which are not miscible in water. High temperatures affected the quality of natural bioactive compounds (polyunsaturated fatty acids, tocopherols, phenols, essential oils). The most effective extraction method for vegetable oils, similar to all the botanicals, should avoid extreme conditions for biomass processing. The most environmentally safe technologies involved water as solvent extraction medium when oil could be separated as oil-in-water emulsions which should be demulsified to obtain free oil (Campbell et al., 2011; Tabtabaei and Diosady, 2012) . Fiber, protein and residual oil remained in the cold pressed cake as major constituents and should be removed for other purposes. Releasing oil and other compounds from plant tissues required the breaking of cell walls by simple, clean and cheap techniques of splitting polysaccharides and proteins in hydrolytic catalyze of enzymes (cellulases, peptidase, proteinase). Expensive enzymes and difficult separation of oil from emulsion represented limits for the development of enzymatic method of oil extraction. For example, portions of 350 g of oilseed flour and 1400 g of pure water (1:4 weight ratio) were blended 3 min, and mixed with 500 rpm in a 2 l beaker at 40-42ºC. The enzyme carbohydrase (or an hydrolytic enzyme cocktail which acted synergistically) was added at 3% level reported on the flour weight, enzymatic reaction continued for 3 hours and centrifuged at 6500 rpm for 20 min at 25ºC for the separation of three fractions: a solid bottom, an oily emulsion and a protein skim. The optimal reaction pH for the enzyme was the native pH of the slurry (4.5-5) and washing with water and re-centrifuging were necessary for the quantitative removal of emulsion or reconstituting the original weight of biomass. The pH of the emulsion should be adjusted if necessary to 4.5-5 for the enzymatic demulsification with proteases (Alcalase, Protex) and phospholipases (Lipomod, G-ZYME). Samples of 15 ml emulsion were treated with the enzyme at 2.5% concentration level reported to the emulsion weight, with constant stirring for 30 min, then centrifuged for the separation of free oil (Tabtabaei and Diosady, 2013) . Aqueous enzymatic extraction produced quite small yields, as reported for sunflower, rape, olive, sesame, soy, peanuts, flax and other plant oilseeds. An extraction method enzymatic aqueous accelerated by microwave power irradiation had been proposed where aqueous enzymatic cocktail and ground seeds were stirred at 200 rpm, pH adjusted to 5 with citric acid, liquid/solid ratio 6:1 ml/g and centrifugation 15 min at 9392 g (Jiao et al., 2014) . Optimal conditions to obtain maximum oil yield of 64.14% were 419 W irradiation power, 44ºC, 66 min. Oilseed biomass incubated with free or immobilized enzymes at certain conditions was followed by ultrasound extractive demulsification and centrifugation for free oil separation. Optimal parameters for enzymatic reaction were pH 4-6 adjusted with 0.1 M HCl aqueous solution, 30-90 min at 30-50ºC and centrifugation 20 min at 10,000 x g (Long et al., 2011) . Aqueous enzymatic extraction could be also accelerated using a cavitation system consisting in a vacuum pump, an extractor vessel, a condenser, a collector and heating devices. Free oil was removed after ultrasound demulsification and centrifugation (Li et al., 2016) . Present study promoted an effective safer and simple experimental model for complete valorisation of inedible oil resources avoiding difficult and noneconomic stages of oil separation. Cold pressed mustard cake could be used as soil amendments and biofumigants for organic agriculture or processed for obtaining valuable fine chemicals and bioproducts. The extracts were assessed to estimate their phytochemical composition with potential bioactivity for nutrition and protection of plants cultivated in organic conservative agricultural systems.
MATERIALS AND METHODS
Oilseeds are easily available from free market of food and medicinal materials. Commercially available (Solaris Plant SRL, Bucharest) yellow mustard oilseeds were ground ( Figure 1 ) and a 30 g sample were extracted using the Soxhlet method with 100 ml n-hexane:ethanol 96% and enzymatic posttreatment (Figure 2 ). The experimental model involved a diffusion enzymatic action of cellulase and protease 1:1 cocktails 20 h in ambiental conditions, to break cellular walls, final washing with ethanol 96%, and azeotrope distillation (under 60 ºC). Cellulase from Trichoderma reesei ATTCC 26921 and Protease from Aspergillus oryzae (Sigma) were used. All the extraction steps were performed using a monomodal Soxhlet laboratory system without intermediary discharge of biomass from the cartridge. The extracts were assayed, after solvents removal and centrifugation, converted in methyl esters in the presence of Sigma C17 standard (Gălan et al., 2017) by GC-MS method comparing to mass spectral libraries (NIST08). Kjeldahl nitrogen analysis was applied for evaluation of protein origin phytochemicals. Transmission Electron Microscopy (TEM) of integral meal was performed to identify the oil presence in the samples as measure of the extraction yield and biomass spending level. The total extract was captured into the roundbottom glass vessel of the Soxhlet laboratory system and mixed with KOH under magnetic stirring for 2 h at 55-60ºC, while solvents were removed by azeotrope distillation to obtain alkaline stable emulsions.
RESULTS AND DISCUSSIONS
TEM images showed the oil presence in the integral mustard meal (Figure 3a, 9a) , the influence of wetting on the ground biomass ( Figure 3b ) resulting an incomplete removal of oil from vegetal tissue, and the advanced disruption of cellular walls by enzymatic treatment (Figure 3c ). When enzymatic pretreatment was applied, a viscous product was obtained and centrifuged to separate solid and liquid phases. The solid fraction was rich in glycerol derivatives of fatty acids (56.23% oleate and 17.47% linoleate). Aqueous supernatant contained trilinolein (48.48%), a raw material for biodiesel manufacture and cosmetics, xylopyranoside (41.78%) and some compounds with protein origin (0.85%). These compounds were not identified in the control water extract (Figure 4) , thus evidenced that the enzymes acted on the substrate in the cartridge of the Soxhlet system by simply diffusion without stirring, only by maintaining their contact for about 20 h, in ambiental conditions ( Figure 5 ). Dry azeotrope Soxhlet extraction removed a heterogenic product (Figure 6 ) with oil content of 27.9%, comparable with hexane Soxhlet extraction but completely free of hexane . Quantitative analysis evidenced bioactive compounds such as fatty acids (84.7%) mainly erucic acid (35.63%), linoleic acid (12.01%) and oleic acid (17.16%), phytosterols and lignocerate ( Figure 7 ). Obtained as methyl esters by transesterification reaction of fatty acids with methanol, a waxy fraction containing more erucic acid (39.3%) was identified as methyl erucate (Figure 8 ). Dry azeotrope extracted almost quantitative the soluble compounds (Figure 9b) , however, the clearest image (Figure 9c ) of spent biomass was obtained after enzymatic posttreatment. When degreased meal was used, the supernatant was rich in linoleic acid (76.44%) and compounds with protein origin (1.01%) and the solid fraction was rich in glycerol derivatives of fatty acids (15.10%), xylopyranoside (29.64%) and compounds with protein origin (30.18%). 
CONCLUSIONS
Mustard oil extracted in our experimental research from yellow Indian mustard oilseeds should be considered inedible oil due to the high content in erucic acid (35.63-39.30%) as the main fatty acid constituent. Present study evidenced the possibility of total valorization of inedible oilseeds for agricultural biotechnology using an innovative experimental model consisting in the azeotrope solvent extraction coupled with enzyme hydrolytic posttreatment of degreased meal into a monomodal Soxhlet laboratory system operating without intermediary compounds separation. The main advantages of the proposed bioassisted technology were: the reflux temperature of solvent azeotropic mixture (under 60ºC) protected thermolabile phytochemicals and enzymes activity; bioactive compounds remained in the final product, alkaline emulsion being also obtained in mild conditions; hazardous solvent traces were completely removed directly from the system. The potassium salts formed a stable bioactive emulsion rich in nutritive oligosaccharides and hydrolysates with protein origin useful for biostimulation of cultivated plant growth when present in liquid extract, also to form protective films against freeze, pests and diseases, when present in the solid fraction. The final product could be also used as a biodegradable matrix for the (micro)encapsulation of insectfungicidal natural compounds into formulated bioproducts with agronomical applications.
The experimental results obtained in this research work demonstrated that our bioassisted extractive conversion technology of oilseeds could become one of the most environmentally safe biotechnologies for obtaining vegetable oil bio-based products for nutrition and protection of plants cultivated in organic conservative agrosystems.
